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MAGNBTORE SI STANCE DEVICE 
AND METHOD OF FABRICATING THE SAME 

Background of the Invention 

5 1 . Field of the Invention 
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10 2. Description of the Relat ed Art 
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7 ; e^7 7xntiii?f ^tscttuo, Mn ©@5t3£s8tts 
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H a =47tM $ (N x -N y ), -(1) 

ti&£*i5o ^ ^ t *5 t , m s «, g &$kM&m<Dmmmfcx° & 

10 & £if fr, g^l$i&#¥-H a te, TI23S (2): 

H a ~ 4 K M , X t /W, - ( 2 ) 

o. t «, g *^ai±^©mi?TfeSo 3; (2) «, esj&atiji 

<ti:ttJ;t)TM l xtSft«(S*, fcotifi^IttlOS 

$.ft, Zhangetal.fi, Applied Physics Let ters vol . 78, 
No. 19. 7 May 2001, pp. 2911-2913 \Z , A1 2 0 3 H <h , CoFe 
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IS) tettttsn*. £©«}: -II:, flj©¥S#3i«[Hl 

KtP«l:A l', Cu, W, S^TiNTffilSft^, Ta, Ru, 

z r, &tfM o m&m$.i&$im?tm<Dm¥£ *nm.m\zmmt z 
m&izte, a i »jtifewk:fiiri»aftc<t o xifefR-r ai© 
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Summary of the Invention 

urn, #tNi, Mn^, m^j&tnmT &m<DmT\zmm&)iz&m 
% z. tied; ^TM^&ffim^<D&&tf'£ik?z^$i&m±'tz>&m 
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, oi5ft *att, **#A1. Cu. Ta. Ru. Zr, . 
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?%fr%m$ii*ntz-<Dttm-zwf&i*nz>z. t^ffi-egs, z.n 

i«l£.ii:#t A10 x , MgO x , SiO x , TiO x , Ca 
15 O x> L iO s , HfO x , A 1 N, A1NO, SiN, SiNO, 
TIN, TiNO, BN, TaN, HfNO, ZrN*^5»* 

zmft-znrzttmT'Wi&tsn&z. ttf&mT~ & 

wt.ffiitmmte£ \t, m-<DmmTMf&znz> z. t&» m-e$>z><, z. 
20 <d& o v >*)vmmmt&m.ffi}tm&fc<DBm\z>&mte 

mmm& k> z. t m~?$> an*.T, @&%tt&A®g9g 
m<t(Dfa%<D&tti<DSNik*<ti><-?z>rzisbizfe, mikmmnmzjj 

2 5 MT$)Z>o 

m&tf, b > *)i>mBm*ifr2-rizmfe&m&m\zn^.K)\zmM 
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z (d & -5 fctftitte, m%.&m&m t%z 1 m#-t om <d 

10 Mn, I rMnOi^^SSIlfftTJg^Snfcl^, Ai65^, 
-fxtt, N i 3. n i f e © «k 5 

20 mt&$im?iz, mfe&m&mizm&zft, k-d, Mn 

femzmiz^tsmtr, &&m&mi,*. m%.mm&m tm 1 mitmm 
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b£ k -r 3 * 

20 ^{b^T^^^n, 1.0. s mmm^m 2 <t a>m\z 

itWLznz'm 2wt<K®>m*<£tsz. t.w&m'v&z. z.<D£vfcmm 

£ fete, g fi3K^tt@(c^^n^N i ©fg 2 *#^©iStt swik-r 

25 z.(DiM&, ^2tftftitt, g &mm l, n i's^o 
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$ 2 sa&ttea* h >*;ns**^© n i v>i&m&m±T s-^, 
iiio, iiwi;y7hf*o, jlo, n i co h >*)immm^<D 

0 ft *£JK3* CoSif|»it§ 

&K3&«tt'&&a>&JBj5£SftTV>S £ ttfmS. C o te7 M > 

t, m i &m&mizm&2 ft, nT\,*tn\,*&m&m& 
&£ftm&o&m<Dm{£®£.&ueitsnT&&ListiT^2>m 1 

SMfc3ftTV>fc^&Ka^tt#£#«tt©&«(B&flsto 

tmz m&m&m torafc^a&sft, & lm&m&m tm 2 m&m 
#m&mte, m 2 m&m&m®&%m<t t, m lm&m&MRzsm 

25 I*-ifc«gWi:v7 M:tS. jJ^Silli, n i 'ffltf 
\z g &&MVkm *M%m\z biz-rzzt&ni&izTZ. 

g &&m&m&—m\zmm.wnzv 7 Me -T 5 £ «e> k « , 
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i m&m&m, m 2 m^m^m&um 1 ^isiij; o ^e^wicv 

10 Mffifg 1 *£«teHfc-&*ns&JR3a«tt4*£, MBESg 2 m£ 

i &&m&m#m 1 t #i&i4Ji tm 2 jg^sstt/i <t £ 

15 <£nm&, issiittitt, Ht-, £ 1 m&m&m t&m&m to 
mizftwttstitcm 3 mm&mt, %2 m&m&m tftm&mtom 
\zitwi2nfrm4&Mftm m 3 &m&m tm 4 &m&m 

t\t, Co S^^it5iIMttll?ig)^$n§ H t#*F 5$T 
Bg/t^ TXffiStatt® tl, Mn£^tf 

x*^* e t<om\zifrmtsnz>& 1 mitmrnt, mm/* 
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m 2 mmm±mit, &&ftm&m\zm&izm<e;isn, r-?, g& 

5 fi^ltiCiSSHSjbtli^iroi^, 3 (T-nm) E(Tt^ 

ifcjtjite, n i km z. t^^mx^ 

10 3£at£ji jcg^^n, #itt?cii^Etti^i^t§?ii 

15 «, Ru, Pt, Hf, Pd, A 1 , W, Ti, Cr, 

Si, Zr, Cu, Zn, Nb, V, Cr, Mg, T a , MoC^ 

&&&m&miz, m ixfaiz&^&vi&mL, 

25 Xtt, g A&i&ttJIlctt, HOG IS 1 ^iSJiCfl o 5S D Jfc # ** BJ'ftl S *l 
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^©Mim, g <D&m<Djjft tTffi%&mc> torn® 

ffi Kfi ft tt«>Jfc £ LT^i$tl57X^^ hJt^i, 1. 
0&±, 2. 0 ^TT*^*-&{C»JgT*^. 

15 

Brief Description of the Drawings 

®0T&5 ; 

0 3 11, f ^±»3>^^ Ml 5' **tr. 
25 #j£*-rBfr®0T& 3 ; 

0 5(1, *^«teJi 8 a &^trB£§fi«te» 8 
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m&A, 6bh, m&m&m 8 a (Dffim&Tjkrmmm-e&z ■, 

H7fi, *8tt#T*i C o F e i*ltt6I7*5T a tT» 

XAy^tSuiCJ: 0 ^ J& $ tlfc $£]gl ©igjji * £ ^1" ^ 7 7 T & 
5 5 ; 

C o 2 P X^# MW&iwT ; 

HlOtt, ^£^f£JI 1 0 b g Efc3£^£Jl 1 0 *mXti, 

10 ■*£»©^IB©«&Stt5 i /WX©»5£»0|*^-r*riBHTfc 
& ; 

Bi 1 1 «, ig-s-atsji 1 obtv7h mmnm 1 0 c t £^tj e 

15 &Jl!&attJI 1 0 d , ®.SmVkm 1 0 e , ^Ittll 

Of, S^lttll 0gStfV7 h&ffi&tt/f 1 0 h s-^trg Efe3£B& 

01 ste.&^&MttJii 0 i £^t?g m&m&m 1 o 
20 # n 2s <z> ^ m <d t&tfi < x <d m 7 & m m & ^ t »f m m t & 

* ; 

ttxVW*©aS8g##J*w'r*rigH-p&* ; 

0 1 5 tt, JI 8ai, H 5£ 14 Jg lObi, y 7 b 3t 

25 i o c t, i^/H7xi2 o t. m\tmm2 1 

* * M © » 8 © « & ® xVW * © SB 9 £ # « * ii* t* *r Bi B T & 

* ; 
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ii 6 «, mm i <d£.w iz mm ft ic^s i> x , t:7i iib> 

mi 7 it, &%Li <D^ffi\zmmt£ijfa\z&^T, t* 7 1 1 1 b > 

mi 8 i>iz&mznz>T&mm 2 tm\zm^^^mm 
2' ^mxtz, ^mmomm^m^i&m^^^ x 1 2 &bm* 

10 01 9H, itfe^ 1 Ramsey 1 (Dumiz-o v>t, a^h>^;w 

m2i\t, it$tM2, mmm2, Rnmmm 3 ©smic^^r, 
15 a 1 c u me> h&tK0mmwumizM'rz>fcw&*^-tm-T$> 
% ; 

0 2 3 (1, )t&MS(D8:n(Dffifc&m$:^?m-l?$>2> ; 

20 0 2 4 it njfi^i 4 <Dum<Dm.i\:&m*^-t mx$> * 

@2 5B, ttmm4, it&ms, mmM5, Rxfmmmeo^m 

02 6 a, Rf t AHSttlO 4 n M, X t 05, III 

25 Kck&i;^£*-f ^ 7t$5 ; j 
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a3 4tt, • KM*******""*'"*"*'* 

4 x t 

03 6 it, *«w 7 ©a***- ^ 

-n. tv* * -fcfe tftl a Q, l 0©Ett'- :)l ' u ' 
yi tut v t ©^Ii:i^i^t^7t3&5; 



25 
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@ £ D £ <£> £ ^ 7 7 r £ a . 

5 Description of Preferred Embodiments 

T^5. TB&gH££ 2 t ±§U@H^ 3 t it, Al H Cu 10 TMStl 

10 

T^SS^2 t±a5gB^ 3 t<Dffi\ZU, MRAMO^t'JtJPtl/ 
T 4 *«Rtt6nT^*. fiSm&Ja^ 4 fct, 

y - HI 5, A977I6, £3ilS£tt]i7, a^&S&ftJl 8 , h> 
^^«8i9, Rtfg Efe&J&'SJf 1 0 ^^JgJa^^ 4 <Z)@ 

15 ^5ia^M8, h>*;ne»jB9, 1 o «, 

fctt, C o F e TJ£j&fc£n&. CoFe^£«, WfcifcftW/N 
< -Kfc (BP*, 3£ffi8tt#T&3o ^i££n&J;5 

20 fc, H«3fc«ttJl 8 ©S5e«<bfi, S3l»ttJi 7 )&> 6©XSlffi2f^ 

25 <Z> gfgi&fc <h¥fT (parallel), XteK¥fT (antlparallel) © 
^fiM^pJ^T^D, l^jgSiif l tf y h <Df- 9 £ e * 
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mmmizitN i f e tf^^ns, n i 

5 i o ©jt*&ic#3iT<6*. ga§amte®iote, h >*;i/*6igfejl 9 

ClCMSnSCoFeii, ^CoF elOllIlsl^nSN 
i FeliT|)S§n5:i^J&§. ^ if C o F e 

JliCck 9 ft ft h >*;Utt-&©MR Jfc*«fa±Sft.S— 2f, N i F e Jg 
it, CoFei$I^Wl:V7hftl, &?&?}£i£T£-fr5. Co 
10 FeitNiFeIit'f^$tl5iIII«, S36«ft;©jRte** 
^^T, MR &tffi^m% t h >*)im 

»i#T?*«sns. h >*;nft*Ji 9 «, ASftncte, aio x> 
a i n x , Mgoj-iis^n, ^(Dmzte, m^i&inm^- 4 

h >*;HBftJS«t3&* (TMR^l) \Z&Q, h >*;i/iS6ajf 9 £> 

~>- ks 5 & ^/^^ 7 7jf 6 tt, © ± tc & &t e> tiz&.&m&m 

fattens. '>-pi5tt, ftswK«Ta, cr-zi&mzn, ^ 
- h € 5 © ± k w- n § a v -y t m 6 it , mmm\z\t, n i f e , 

25 C o F e £ frl 5 . 

7 te, M n K5£ffi£tt#:, JfcfflWfctt, PtMn 
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mn.t&mm?4 ty&mm 2 tomtit, kti 1, tm^>? 
9 hi 1 2 , &tfgg<t;!&a 1 3 ifitsttt e>n&. 1 1 , thbh > 

SUSS ^2 H*6-&Sn,»« 1 ©£H£Sttft#|p)l::MiB'$nTV>3. 

10 Tffin >$> $ M 1 2 tt, h*T 1 1 © ±fc«*tt StiT ^ -5. TS& 
3>^^M1 2tt,t'7 1 1 tMt5S»&#fIi:bTi«gU I 

1 2 a, Hi 1 1 tmmmm 1 3i0ro©&*Ffc*««» 

fcfe £ # O . TSB 3 > * * h Ji Ji 1 2 te: , ft 3! Wfc , TiN, Ta, 
15 R u , W, Zr, RtfMoTJBjEfcSn*. 

ifcftiHtt, TaPSB^2, tf 7 1 1 & tfTSB □ > Z 2 h M 1 

i i £#f5£-r3 * >^*^ >, m, srx^ u 7^>, tsb 

20 3>^^hil2llfiEf5TiN, Ta, Ru, W, Zr, Rtf 
Mo*«, fiB&JStfta^ 4 iztem-rz C <b £ W it "T & . JE K: , 

*ft*H3tt, Ay77i6$SDSt5Nl, RtfH3$Mtt/l7 
*«*-r*Mn*«, TSI5Se^2fcS£m-r^c:<i:^W^j{c^±-r^„ 

8ft«I13*», T SB 15 III 2 , t'7 1 1 Rtf T»n >^^Mi 
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^i^Ml 2*>S»fti£tfi*^ 4^©&tt£«&£8i* ; P4-*>&T 
g|5@e^ 2 , b?7 1 1 RtfTtf 3 >9 9 hMl 2 MO«ti0o "6 © 

© #14 © [Sj _k co m & & *> M tb x »5S T* & S . 

Kfttllll 3», Al, Mg, Si, Hf, Li, Ca, &tfT 

\tmmi 3 CMn^KitSi, MSnftMnlJ, & 3f <!: &r b 
T2:5s£fc£ n, Ulbllll 3H@$$n§. Mn a*B&<ft&JI 13fC 
S^5tl5^tl:iD, M n ©T»E* 2 ^© Wfclfrih 

20 g?<bfe® 138, ^©Tffi (£« 1 ©fill©®) S^±Itlit5 
A (HP*, h Ji 1 2Stfy-Fl5) &«j£*T Zttm 

3ST$>£ 0 ^^t&l^^OStt^KtUi 1 3 \Z®Lm-tZ> Z. t 

«. wntmm i 3 ©TffiR#±®fc»r a 

25 rt:#lB 1 3 £*£5£<fb L, 1 3 ©*£*l»jt^*S*"t)'&* 

tztbftm'TZtL^. TUU > ? >7 YM I 2i;Ta, y-H!5l:Ta, 
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-W>A1, Mg, Si, Hf, Li, Ca, RtfT i ©&{b4& 

», i 3 ©ff s#ra©»#itt, 'bisKz t&ffm 

5 -e**. &fb^Jf i 3 te, h >*;p*£te, *&WK:m!iK:& 
ttsnsfc«>, KfctoJi i 3 ©»£:£6i©«tt«. h >*;^*&*iJi 

izit, h >*)immm 9 ©j?£#i6]©}&Kcfc o v> h tat^^T 

io & 3 o 

ttfRRfrjhJit LT«lie-r*llflS*&fl 1 3«, * ©ftjSR*t/hSVi 
(fiP"£, mitmm 1 3 ©Dlff *J?'< fcfctriTfcf* 

^*j»»»aiT**. &fb#»Jii 3 ^j?< figg^-a-^t, ^{bi&Jti 
3 ofe^&fr&mxL, ®x\z, e sgfi«nt« i o t^Bfate** 
is g Efe&ssftji i o zntcfotf «, gs^a^^i 

*BjitK-r i, < n##M£te, mitmm i 3 ©j?$ 

«, 5nmKT?*5i:t*Jffi?»5. 
20 Hi 3 ©J^#ft©&tt£*«Wl;:ft < <h#T#5j&T#ji-e 
SI 3 ©Jfttttt. h >^JVStl: ! k^ Tii fc/hS < 

9 tmitmm i st^ra-©****-?^?-*;!*: 
». h >^^mmm 9 t^fttiii 3 £ ©««;&##** 

5. 09*. J* , K>^;l/«6i&e9i:Klb^Sl3<hSXA^^(c:cI:o 
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h >*)immm 9 ©«tftG>*ftmt*»t* sNtt&i*j±-r*fc«> 
5 Ktt, wtitmm 1 3 ©jRfftt, h >*;h»j»jb 9 ©m© <t 0 t>*v> 

10 bmi 5 ttfrntf 6nxv>*. &fc®m 1 4 «, m^istam 

^ 4 © e fi^ai*® 1 0 ©± t»isftTH4, ±gK3>^^h^ 
i5tt, wntmm 1 4 ©±^^fig$n, ±si5@2i^ 3 t»^$.tis. 
s&^j&in^ 4 © m shafts loii, Mitrnm 1 4 t _t^n 
nil 5 £ &frVT±fflmm 3 \z%m.wizmm2 nx^ z . 

15 ±gI5a>^^ hi l 5 ti, ±SU3 >^ * h Jf 1 5 £ D £Tg&©Jl 

^if jrai^nt^icis^^-y^s^iu, r-o, mmmm 1 

4 <fc±g&8E$£ 3 £©M©&#fc*«W»tt£#o. ±»3 > * £ h 
■ 1514, MMQtUZU, TiN, Ta, Ru, W, Zr, Rl/Mo 

20 mitmm 1 4 a, ±«e»3 ia^agts^ 4 t©iw©fflst£iR 

ffiSteJI 1 0 \Z<£&tlZ> N i ©_hgPSB^ 3 ^<D&ffi.*®±-t 5. Ni 

©±^gH^3^©ism*ffli$!i-r^>e:tfcckD, ±g&sei§i3 ommo 

25 ±#*«R?±sti*. KfctoTJBjSsn&ltffcil&Ji 1 4 i4, *•*©«& 

mitm® 1 3 £mm(Dmm\z& 0 , mitmxm^^nrcmit^m 1 
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4U, N i ©«;*StSlKJI|I«t5jftTffn?*S. 

tn o frz±mmm s ^©n i <D&m*®j±? %> z. 

lttilO©I|t^|<l, feolSfi^ltti 1 0 (DM, X t 

/ 

ttllO©IIS^§<«St, B*lit«ttJB 1 0 ©»tt£*£ 

^{c-r ^>o mitrnm i 4 ©#a«, n i ^g^^ati i o*e« 
io -r*. :na, i fisiitti i o wii t ^i^i^ic^ct ^-e 
mitmm i 3 tmm\z, mitmm i 4 *«±«H2« 3 ^ & g m&m 

&m 1 0 ^©&f5c£ S &3&i8teJi 1 0 5±a&82i& 3 MDJIHROB 

mitmm i 4\zj$.® t>n%mmt, wtitmm i 3 tmm-v&v , 
mtmm i 3 icjfFia^** »R««jgtt, m\tmm i 4 

I14B, A 1 , Mg. Si, Hf, Li, C a , StfT i ©Rft 

*T»^-r*c: t**fflFiBT**. Hie, h >^;p$S0^ 9 ©&#c© 

25 5. HtC, BMb*» 1 4 ©JPS#i*tr> £ i, 4#K, BnmKTf* 
Siili, fixate JI 1 O^CD^^SrifllSiJ-r^^Tiff 

25 
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g tefeffiftim i o *tN i &<£ts%Lm&&m (&m&j\zfc, nif 

5 eH> tf^^tlTl^tt, Xte, N i £-£t?&«££#Ji tm<D 

- n i f e ^ t vmmmm*G-tz>m&) \z\$, mtmmi *\%, n 
$5. n i &^ts&m&wmte, n i <Dm.ffctfmmi8.f8.fr ^fni> 

3iatt^M<7)±{iit^ icings z t «, mftm&ft.m<D±j}^. 
<dn i (D&mm&zm < u, n i &^ts&m&&m<DM.f$.'fn%:%) 
swcKjjtt^. n i z-sti&m&mi*, Tmwizmrzm (w%, 

m-rzm <bp*>, lasnv^nns Rn±^mm s) 

m&m <n ±.mm\zmfcmm i 4 ^a^^^^-r & z t it, &\z, & 

^j£Sx^4 <i:or B iotisi£«![^^^W(c:^ih$nTv^ 0 it, 
±sb@2& 3 tmmt&tnm^ 4 tvmizmityim i 4^^^e>n, ± 

25 TSBBfliil 2 t_hgPIB^ 3 t LTC u 7&*&ffl £ *§-gr *> , 

in, *^icfittt, s &&m&m i o co±{c^-ft:#j® i 4 
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Ni(Dist^*^ii:ii&jt$n5. zn\t, g45tittiiocii 

t^i^i^Tfeis^attii o omtu s tmm t t©»M s 

5 «M s xt**S<t5Citt, g S^MteJi 1 0 OS^m^OM 
(T • nm) aTf:t5i^l:^^T$5. 

&ftfc$>Jite, £ £ <h^^T& 0 , *IS4£«S[ 

mm&m^z. £i*fej]\z£'o Tmm-sn&mfs.mx&izmm-rzm 
ttmfc£tt*sNjfc£isj±-r*fc«>#3i-efcs. ftte&n©jp£# 

20 »il*JI9©JP;ar#ia]©igJft«l:0/jN;£Vs;L 

Mfc-r^wm*. oh, ftfk^^figg *x^;p^-3&j{KVi*r»©ftft 

ftSffl^s: tW9?m-C$> %o "*3Tfcviftfc4&#tt*#ft'ft;4&Ji 
tcffiffl-r* ci <hte, ftfl:fcfl©TiS&tf ±iBfc k: ft* *tfc 
25 &3i*Tft<fc^/f U ftfc*&Jl<Bifc*mjfc&**'*cto"fr 

5&6fflT&U. aft«l*««t5affl:«li:l/Ttt, A IN, 
SiN, TiN, BN, T a N , Z r N^afc«fflSft#5, 
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•««••»- 

15 IN, TIN. BN, ft . _ W14 (Xtt* 



NO. 1219 ?• 32/121 

• ■i4tt*M8»^*** n *' Mttusitt. mm 

rtt N i F e^M*^*» 

Pd Al W Ti,Cr,Si,Zr,Cu,Z 

Pt v H c'r ^o'^ni^ii^^^ 



25 



29 



NO. 1219 P. 33/121 

I I " 



30 



2003$10f)29B 15450ft Mi 



NO. 7279 P. 



EftK:«k 0 , 3&ai£Jf 3 1 (D-mtttfMifZ ti% * ^iy7XTl; 

5 Bie^nsi^K&^twr^ n & k: J: 0 , 3 1 ©Bftftsn* 

mm&m 3 1 2.^11 34©i^t, mit^m 

©.hfca&*teji 3 1 **»j«*ftfc&, *(D ±\zm<t®m 1 4 

fc«sft*. ^MM^^^^^^^nfcmfe^s^^xv^wi^s 

15- ©a, &{tznrz&mm&&<tzti, iftftii 4^i^$ns„ 
Biiic^ts^^Aoii^, i ft &m&m 1 o©g{t£ftfcg&# 
a. Kftsftfcv*. 

, 1 Ott, H3 0twSnT^5|«?t1i6n5 : h >*;Pit&liJI 
20 9 ©±fcSa«tt#T?3&8tt« 3 1 $ ft* . f(03$IfI3 1 

<d±\z, mm&m 3 1 1 m c&m&ifzMmz n, jL^.'*«tt* 
i^F-^$n/tK-^^itti3 5 # ffc $ n * . ^ & $ n ft m 
m&m 3 1 1 K-^ifc«ttji 3 5 E&3£«3&/i 1 0 t ut^«i 

t5. F-^3llttl3 5Tli, »8&#©&ftD 
25 M#T 

~7%iM&m 3 5 ©«fc*««i*£ ft, SIM, x t < , IO, » 
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l < fem&ikm) <DmAiz£-oT±mmm 3ti s&smji 1 o t 
<Dm<DteK&M.*m±VT & mmm&m 1 o (Dmf&zmmmizmw 

5 fS&ffite, Sft?IIttI 1 OWf^^igl^I^t (stress- 
induced magnetic anisotropy) <D ffl W lZ W M & § „ ii 3& 

TtEiS ( 3 ) : 

H , = 3 ( A • a ) /M 8 , - ( 3 ) 

io T?*sn*. a&, &m&m&m 1 ooiigit^o, 

s *iaat£jf i o (Df&tfuzfew? -#t, mitmrn hs, h 
fcsasiifttt*^ 1 o ci>aj«©wf so*, 

-©SiSlffitti l o <d ft&^nmfovtez-og & m%i\zm'J> 2 il- 
ls s. ^n«, sftiiufflKA^, s fi&a&zi 1 o ©list 

ei 3 i , 3 2 jfoj]mmw.%,mj5&(DMW&mm?2>MR am 

< IT ^5. El 3 1 K^^tlT^ 5 <fc 5 1 (D±\Zte, 

20 T»ti2il, Al, Cu, A 1 Cu©iH^«TffiE 

2*15, 03 2i:^$nT^5ct5C, T SB M H 2 , y $ft # [SHC 

^is^n, jta&E*3tt, xtismfaizmmzftx^Zo gf&staft 
? ? bm i 2 , mitrnm 1 3 >>- his, a^tic rcxs 
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gpn hi 1 5 t^I*Cf)^$tl, ±l3>^i? Ml 5», 

5 h*7 2 2 ^^tT±SPiB^ 3 C»«StlT^S. g ife 5& & & @ 1 0 
©S&J&li, gi^^tl 1 0 A tfiEfcfc*,*: 5 fc^ttn 

TV>5. liMittllOiJtNl.FeL.T^rtSnsSt, x 
£ 0 . 8 2*i(;iif5C(i:IU-pTii)HcA*Efct5^i: 

10 0 3 3 nx j; 5 ic. ±ificr>«iitJi, is^iii^s* 

•tt^^ft;^^ W (axis of easy magnetization)©^ |S] (S^fe 

£t:K2 ) tMVtffi.5a,mii&c>mi\:®Bmijfo (mjj&iz&tK 3 ) 
itz-simizTZo y MjjfoizMto-rzTmmm 2 «, xw^i^ (in 

(IP g&f£«8tt/l 1 0©^!tt(D^|pj) fcJBE»j6*£i!ijea-fr*. 

ill ofc^is^itt/h^v^tKStans^tT**. ida3& 

flfctt* 1 0 ©«SJe«:A #IET**fc«>, T»E*2*S4)St5x 
M^tefc y I* 2r ft K 36 £ 3 1i\ S§ j£ i& M S i 

ift*ai«)*i«i)}»-$i/T^5: tit. s & %nm&m 1 0 i~;*:# 

fc — tttt (uniaxiality) $4^., S *3tfiS't4^ 1 0 £>>>20l/ H 
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tejiiott, ^o&&mmmJift<Dm<\:®£m<Djjm&. mum® 

10 ^IbI^, Jft^Bf jga^g^ttK 2 S.lX^^m^.^^teK 3 <DMit® 
B®(DXfo}l-Wt?Z>Z.tfc. g SStattM 1 0 <DW.%&J>&<D- 
$!&te£&< L, <L tl J; 0 , H fiS&att/g 1 0 © #tt &&MitT Z> . 

1213 4«, Jt&^^^SSMM^te©$iJ^^||^-r 3fdl©M R AMU 
S££*bTV>5 0 TSBSBiii 2 tty tt^ln] IC® ^ $ n, ±g&S2H 3 it 

3 4i:^$tiT^i.iIi?li > g JI l o olitilic^ 

ifij^, as 2i:*sftT^*i * stag ten i o <D-&mtmm<Djj&} 
20 ion, xw^ffijcD^^^^M^^^-^^So s mmm&m 1 o © 

Msua, g *§&attJI i ooiS^lA^lcssi^ ScM^nx 
^5. gfi^lftll 0*tN i X F e i.^^iS^ns*^, x£ 
o. 8 2 £*) b±%^m\zfflffl-?z z. tlzk-oxmrnM®: 1 &M.IZ 
-tZ>Z.£1)ipimT°&Z>o 
25 m3 4<Dffim\$, 03 1, 3 2 tC*$tlTViS«|jfiirafl|"k, ^ 
*ij§i&B&^H#t£ (K 2 ) ®^'fb^B«l©^|Bj<i:^^MmS^tt (K 

3) <DmitmB^<D^\a] t £ — is: ^ cm k: <t o , g*it^tts 
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2 tt, xtt^[6] (BPS, SS?llttIl O©1«0^ 
|pj) £31 o 3fi 9 £, y$ft^(Rl (BPS, S*3feaft»l 0 <Dfi$ft 

©«fls ® a tt © ^ fsj £ —ft $ s . 

10 t^i^lCMRAM^^fiK^nsi^, El 3 5 til U£ J: 5 

i s^a-tt^ io®7x^ntt (bps, jsttc^tss 

15 §^i:$Bfigl:t5. S &&&®.m 1 0 07X<i7 hit£ 1 fcifiT* 

p», e i o izmffim&*Mf&-r &mm ttz o at 

«e«k g sgtattp i o <DmR-m.ik&Wt<Dftmyc*'£ 

^t5-iit±0, © 1 0 ©-ttltea*if ft, 77 

«fc 0 fc**fca;rt«ijg«Slg;£tttt, g ft&ttttJI 

i o © 7 x ^ ^ h it * 1 1 ig -3 w- z> z. t & nj m \z -r Z> . Jft S 1$ \Z it , 

X^^hifc^l. 0J^±2. OKTCgiSiiill O, 7 
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mjs&it, g &&m&m 1 o oyu^ommt^ma^m i;t, 
s w\zumtz> z »jm\z-r2>&T°m&-?$>z 0 

^2>!£jga»ll#tt£^i& fagotti; i3%^#<T§ 

teK&m<Dffi±<Dm&fr z it, m 2 \zmz nx n 5 <£ 5 tc, si-fb 

15 1 3 Oft*? 0 K, 3te^K»ViT»3 hJi 1 2'" 

StrimT4 t ¥7 1 1 tCDMK^RSni £ £ 75? nj |g T % 5 0 CO 

~>- 5 i^ii $ ra«fc, bi 3 \z7*z nrv> -5 

5 ' Tit, Ift3l8ttll 0t±»E*3tOKl:^8Sft5ii# 
20 PJtlT&So TS&u >^ Ml 2' &tf±g&3>^^ hfi 5' 
tt , Aittfctt, TiN, Ta, Ru, W, Zr, R^MoTlfilc 
3ft*. Ta^^^Ml!^' S.lK±gP3 >^i7Hl 5' ©J? 

ai, c u &mm.i&mm*4 izkwli,, mn.t&mm^-4 

§ N i **T«E» 2S.^C±g|5gB^3fcS£tS:-r^C ( t^|»±PJtgTS 
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* V>Kfc*T#J«S*l&!lfc4&Ji 1 3 Rtf&MJi 1 4 tt, S»T 
|»V>lgimiC-r5 £ £#wJ IHt&S 1 3 1 4 

1 0 lC»iS tTSBS$tlT^5 Z. S fb&m&M 1 

sana 2 , t*y i i ti^g^^f 4 <t ©ra©*B5:&«!t£i£it-f 
s-Tj-e, tm=*>? & hm i 2' tm^jgia^^4 t ©ri©*hs 
tt*«:i*±-c*fc^. ra«tK: t m 3 cd jlsp n * h m 1 5 * 

15 *e?Jli-r S-^T, ±H5a>^^ Ml 5' ti&^J&taifi^ 4 £© 

m^T^x >? ^ hi 1 2 ' ©^ffli: 0 0 , mitmmi 

4C«ffllt j?Vi±g|53>^^ Ml 5' ©^ffl<fc9fc£?3lT&5. 

20 tt, 0 4 fciSntHii 5 fc. 1 3i is — Kl 5 t/t y 

7716 £J£3£ffi814Jf 7t^, T^IBH 2©J:I$IIWt^il; 

itatsisc^iJsnT^sitAiffaTfcs. :l © £ ? 

25 £ £ * nJUgK l, tfE»#a*«»i^i«an*s!«*, SAgtattJi 
i o K: — m c*jfis«s c: <t pjfg-es 
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>*;HS£iSiJl 9 ^<2i£$c£BSiL-f ®7£&M&m 8 Ji, 

*t£r«mJI 8 a t&Jg&attil 8 biTDS^nt^S^ <h^$f ig 

nsi5l:, S^attS 7 OMndH >^^ffi^M 9 ffc -T s £ 
10 t fc «fc 0 , &^5£ateJf 8bfl, i&SCfftK: A - K \ZtaZ. r C o 

o fess^ b^r < , a #m&<DKm<D 

, Mn <D&®.&m ]k~? Z> Z. t^T^SiiSWLTl^. Ig'&ffiS 
14® 8 a £<g5S-r&&M3£fi8tt#£ UTte, AiWfcttC o F e *t 
< M^Zn, iftftibttt, TaO x , HfO x , NbO x , ZrO 
20 x , C e O x , A10 x , MgO xl SiO x J&ZtT i O ft, 

cm <D#^tt7cm«, &m&7tmFe, co, n i kj±^t 

ai:tffl$n5^ilt«^tbTtt, Co, RtfCo&ifiK^it 
5^I3lil8tt^^^tl$n5ui^iSL^ 0 Co, RtfCo£ 

<<, K-d, mttjlz & <=, 
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WiftO S N Jt£|pJ±£-B-&o 8 a #&&te£*rT<5 H £ 

«. shafts 7<D^^+asf^ffl^^s3it^tt^8 b fcaia^-er, 

io m&m&msait, ^m^m^^m^-r zftrnvrnftmh, 

%&m&7zm<D®¥*mt me (a), 

m&, me (a) i:*$nt^5i5t, m&m&m 8 a «, 

15 l*«tt#©tt#Jil»li 3 1 £, &m%8&#£#|:&tS:5E*<Z>Bfcfc«r 
i 01^*07^^7 7 3 2 tTi)$$ ft*. I^i8ftf8 a 

&K3&«tt#©«^fc#E#£ft*;i£fcJ;S<fc#*.&fta. 

20 8 alCtSnSiftftilTTaO,, HfO„ 

NbO x , ZrO x , XtfC e O x S ft H 6 (a) 

*SftTl>*i5& 8t.it & t * . 

^attTcJUOIR^^gCD^^/jN^ H 6 (b) 7K £ ft T t/> 

25 Settle, I^itl8alJ, ^Siit^®t^$ia3"3^, 
«[«¥ttft 3 3 Ott*fcKfl2«*««f a UT»dt*ftfc#fl»Blfl:«l 
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tp?«ns c: trf&Zo fit, nvtm&M, 3 3 r*. ^^fcan 
5tbT^e>-r, ft«#«s'i3 3o-»tt, tt«»»r s«#¥*6fl 

3 3 Cittlt^S^, #m&M<\:® 3 4 e >*-/p& 

2fc^LT»*r*tttt*tt* 3 3 lCj*«*LTV**. 
5 SiTtt, tttt^3»il 3 3 H±tt««WlCi»^bTV>*fc«), ^S^m 
ttI8attV7mitt**l/, ^I65^iitti£^t. tt 

£"i&ttJf 8 a 5i^t5^I8TOilTC oFeWfflJIlS 
fc^lCfct, ^-&f&t£Ji 8 a », mitmt LtAlO,, MgO„ S 
i O x , R«T i 0.,*«*fflSn5l^i:86 (b) tC th £ *1T^ -5 
10 £ 5 £ 5. 

0 6 (a), (b) OUfnciiSiSI^Cb, ^-&a^®8 

15 f BPS, »ft*St/uT?i«*nT^««^8ttJI8 a 

CMn^fttii, HSlfcMnB, ft * <h IS L Mit £ tl 
Tlf<gratt/I8 aCH^sns, Hfc, Iritis att. 51^<D 

20 0, I^«fti8aft H£3*«ttJBrtT©fiB&«Rtf«&69fclS 

It'&^ttJf 8 ate, **^f^**trXAy^j5fX«fliv>fcfiiStt 
9 9 — v h £: L- T , AiW ft, ,&«5£8*tt# , ^&S3£8! 
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£©&&^-y v V s, » * # * s * tr * ^ ? * 
5 sgr-s z t \z «fc o , m^ic^ifct, &S3£«&&#£gHt-a- 

(Co 90 Fe 10 ) 86 Ta 15 ^^^-y*;h$, ^ 3it # X 
^77Ti&5, un^0^770i«|}:», Jt [O z ] / [Ar] 

tfyn^SftTHi, ::t, [o 2 ] «, x /i * ^ dJfffeti*^ 
+• — fc* A 3 ©»E« (seem) Tffc'D , [ A r ] 

\t, X )V3>13 ZOfMm (seem) T & £ . B f&Z tlTzBmte , 
15 ^6 (a) \Z^:^tiX^ Z>m&, (C o F e ) z Ta 

H 7 fttf H 8 C^StlT^S «fc 3 IC. [0 2 ] / [Ar] tffrZ^t 
20 [0 2 ] / [Ar] tfO. 2 ft » £ © jg trt * « «l « \Z 

znzvpyyu, mmmizis&nz c o f e 

#*E£1i-*fcae>fctt, [0 2 ] / [Ar] ^0. 2 «fc 0 *> /J\ $ fr>£S 
lJJ»5i:cSiRUTH5. ^ © «6 ift , XPS ( x-ray 
25 Photoelectron Spectroscopy) ^ffi^fc^tttCioT 3$ # tj" €> 
*l T V> £ „ 0 9 it , [0 2 ] / [Ar] £0. 1 3 R 0 . 54tL 
Tf^^$^itiiIl:oHT, X P S {3 ck 5##r £rr 5 ^iCcto 
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MM*. CO a ] / C A r ] ifi 0 . 1 3 ^»jgtK^ 
$n« C o tt-tO 7 |PJK±5^^JRttttT* 0 , C0 2 ] / [Ar] # 
0. 54T*5i^Ctt, R*«fc*£ns C o tt, MflsSnTV* 
5 §:USLTH5. 

4I3Htt#tl/TCoFeat*IB3!ti, J.^. # «i& ft & JS <Z> St 
jbl3iLTTaO x , HfO„ NbO x , Z r O x , A10 x> Mg 
O x , S i O x ©V>*rftj&>*<ttffl3n*#-&. [0 2 ] / [A r ] 

10 tt*8 a*»J«?f*f**. 

gijfig^t njg/jistifcs^#»itt, & r wastes ©asms it # 
&<g>. ;i©ten«, s &&m&m i o a> £ n i n i \zm 

< ±mmm3 ot&ffi&tgfi-rz. n i ni 

0 1 0 it, *!i>5*t#»«SttlH/TS *3t^14e 1 0 jfe €>N 

i o a t, ±fc©*£#*«-e«sja3n&*"&«tt» 1 o 

25 biTf^$nx^5. ^l!HiftI10att, h>*;u«f»B9 

<d ±\z&j&z n, s^itiioba, &m&m&m 1 o a <d±.\z 

f)S$nT^^. &M3£fiBtt)I 1 0 a tt. C o ^±^^^-r<5 3t^ 
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&&&&m&.v < , Ai^cit c o f e T'^fi££*i£o m&mvk 

HObB, N i S'&SfcVig&iBttflE (ASWfc teC o F e ) <t , 

©«fc.-5 54«jai*WT*a*»«ttJi i <>«, 

i&itiJi 9 Cilitcgts: i fed; o . ii;v>MR Jt£#i3it-3o set, 
igwnv7 hfc i o b hi, &m&m&m i o atsi 

io m i o (c^$tife«iii^#-r s i s^a^/i i o <t o *>, iov 

N i AlWttt, NlFeTJ»li*nfty7h3i 

1 0 cSrlg'&ESte/Il 0 btf)±f;:j&/£-r5££;&*pItgT<&<5. 
±S£<D«'&#:i*lgTJ£fi££ ttfc«^«ttB 10b«, NiC^LT 

15 >b»:fft*i»ji:-r*«i***"r. ufc^^T. v7h3S«ttiioc 
tt$n§N i <Dh >*)ummm 9 ^©tstm, m&m&m 1 o b 

i tzTKts tiTi* zmmit, MRtt*m< i>u&*> , n i o h > * >v 
20 9 & &±mn.mm 3 ^<D&m& &5±-c 

0 lobtftfmznzrc&iz, g E&&ai4/i 1 0 ±& 

fi&^£M4>£-&£7ji*t LT, B 1 2 K £ ftT V> * «k 5 , Si 
25 3£&ftJilO£, ^I3«ftil Od, *£«ttJi 1 0 e , 

ii o f, i^itu o g, Rzsvy h&m&m 1 o hti^t 

£ d £&» &JS&ttftJB lOdil, CoFeffli^i:, 
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r. v7Miitiiohtt, n i z^ts&m&ft, 

N i FeTM^tlS, #at£JI 1 0 fte, }t-&E£ttjl lOetS 
5 ^llti 1 0 g Bite ^^^-tirSttS^^-T^WilBf, 

AlWCttCu, Cr, Rh, Ru, RuO.tlSlStlS. 

#ittll Q f offffll:J:D, &S3£ffi8te]l l 0 d 2fct**<&«G: 
M 1 0 e *tft5SI!Ifl:i, 10gStfV7 

10 t£%. Xm&ntemm 5 , 4 0 8, 3 7 7 ttBwSnTU5±5 

is 4<Z>£fefi8« *t««*n*. Lfc^oT, EI 1 2fc*3 

tlfcflliitt, MRitSr|«<U, N i (D b >*;HS»* 9 &tf±g|5m 
®Jf 3 ^©ffiafc^ESit I, Mtc, Sfi»8ttllOSy7M:t5 

H 1.2 ©*ifiH*5V5T, ^»l;V7fagfiilttIl 0^15 
20 ti & 1§ ^ tC , y 7 1 0 h itntf SftfcH £ £ *> nJilT 

mtejf i o*6*»i/, n i £ei»t 

2> ZL £ ifi T * S . 

Mfc, 0 l 2 ©^it fc43 v^T, a ft&ttttJi l o ©rta&K:**** 

•5 \Z, #m&M 1 0 f ©MffiiJWl^iBtC, 1 0 i 

*tt**»3STf*S. &m&ffi&m 1 0 i tl/T, C o 
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S3ft«ttw»-&* s #e>n*. ss^ffi a i o i z\ two? 

lOili, Co, XHCo H Fe 10 tl 
5 ««»tt* ; ?«3«rtt& A»tcr*fc«>»-tt. H14CS*nT^ 

attii 7t, i«ittftt«i$n?.RMttii8t, &nji 

1 9tT?i^Sn§. §11 16, 1 9 it, &M&)iZ\t, T a , Z 
r tl£. ^Ittll 7 », CoFeT^j££ 

I^lttll8tt, M n &M&)\Z\$, P 

is tMn, i r Mn-vmmznz. &m&m 1 7 £K&M&m 1 8 t 
K&m&m i 8 it, K&m&i* 7 1 mmiz, Mn©tt©^i^ 

20 KfklJl 1 40±l:^/$$tl, ttft/t-f 771 2 0 £_h3B=i >^ * 

h j§ i 5 t <d iz it , m it m m 2 l^Rftsns.iftmii 4 it , 
Mno h >*)vmmm 9 ^©iftifc^iftitu, mitmm2 at, Mn 

mitmm 2 1 \zj&#> <z>tiz>®&it, mitmm 1 3 £eh«t* d , 
25 BHbttJi 1 3 te#*fc*r»;fttf*iigfcj:, Mitmm 2 1 k fc^'iiTa5 
mi \z, &itmm 2 1 (Dffim&mmitL , mu&-cm&)&M& 
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2 Kt Al, M g , Si, Hf, Li, C a , RZST i (DMitVO 

5 m. \z, WtiktfoM 2 1 1 nmaTT^ £ ite, mfcWM 1 

4 Oj£ta*@^^/h$ <L-, b>^;PM^:^9 tf) Jg#CCD&aJCD S N 

il2 1^*lOtf5tf»^tf)Jl?t, MRAM(D$SIHH 
10 T^3X h?£f iTf 5^TJfH?$§. 

«fc d t>, »*tii§^*;&#*#v>tt»©BMt*r£fflir>* 

15 tt. WUttom 2 1 ©TiB»tf±iSfK:ttr*JiK:»*jfi«*«l:l/, ttft 

Ml 5l:Ta, §111 9l:Ta, X«Cr<£^ffl-r^^-&{Ctt, 
^•n<E>ck 0 *<t4fe£j*B *x*;H?-*t«n a 1 , M g , Si, H 
f, Li, Ca, Rtf T i 2 1 t l/T*«T i 

20 H -So 

H2©T»3>^i' Ml 2' m 3 ©±g&:a hi 

15' ©fltii, 05 ©S^SIIitl 8 ©8$ it, Bl0i»5B13O 
g S&mte/I 1 0 ©*f£ig, ©fiBStAW 7712 0 ©fllii 

«. »*^t>* tiTttffl *n#s. tzttLU, mi 5K7K$nTv> 

25 *«lift*««fflSn»*. 0 1 5 OMR AMTtt, @ 5£ & JI 8 5^ 
*^»ttI8atlfiBttI8btT»jS$ns. El:, 
@ 1 0 Jl 1 0 a«fc«-&3a«ttJil 0btV7h It a 
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ttiiocitfiiic^tis. Mic WKtyom i 4 <D±izmm./^-f r 

B16S, «atJfi#i*^<B, J: DI*»ftiI*wLTU*. ± 
5 ggn>^^ Ml 5<b-hg&gS*§i3<«:te,if72 2 Tgei^ £ *XT l> £ . 
tf7 2 2fcfc, J*S!«fc:«, Al, Cu, W, JkZfT i N Ji£ $ tl 

1 <D£® IC SiS fell IbJ *5 V* T hf 7 1 1 iL^-^—yy-fLta^J: 

10 >*;U»*»9 & JH T J£ fig £ *l 

15 H>*;H6Si9^, K'7 1 lit-/f-5y^l/)5;HBltt, h 

h >*)ummm 9 a*. &s 1 ©aEMKM&^iRjic&^T e 7 1 
1 t^r-n-y y ~? Lt<z ^mmwum 2 n z>m% \z % , 0 2 ©TrB 

$ HI 2' ©*£>i, m3©±g&zi>^* mi 5 ' ©«ig, 
20 0 5 ©S^St^teJf 8 ©fllifi, HI O^&Bl 3(DgA9litll 
0©#|jS, RtfHl 4©S«/W7XI2 OOiifi, ffl.fr ^t) £ 

01 7 ®MRAMt!J, ^Mffi^i^^4 tTSBgB^2 fctt.- 

25 fC, @^MftI8^1^ittI8 ai3iiaiI8bi:T^$n 

3. mitvum 1 4 ©±fc«&/w 7x1 2 0 
7x120 £±g&n >^ ^ hi 1 5 tofflizte, mitrnm 2 1 «t» 

47 



NO. 7279 P. 51/121 



# s> n t v> -s . 

h >*;u*&i^ji 9 **. s« i <D2.m\zmmtz%\Z}\z& \± 7 i 
i tor-n-v v yvtz^mwiz, mi 8 \z^^nx^^> & o \z, 
i i izn&mizmwtznzT&mm 2^mram0|*iiiii 
s miz&mis, r^mm2 \zm%.wizmm-$n, TW&m 2 tw-Biz 

10 tfc«koTtft>n*. — s ES&m&ji 1 0 ^oy 1 -^ <om% & 
±^SBiH 3 t*#^^ga^ 2 • ic#£&*«dft&«E"r c t k 

Jgfc. ±»E»3ibTCuI#ftfflSft5i^lctt, 118 1: 

s^ntv^ £-5 1 0 <t±^ga^^ 3 £ <d esj ic tf- 

15 mznzmitvom 1 4 », ±3bsh^ 3 tam^ta^^ 4 £««-r* 
mmmmm (fr^tettsnr^&vo t £#8tr * * o \zmj&n n 
s sit***? siT?»*. ±sr=i * h m 1 5 tiffin 3 n 

r, se&ss^tt® 1 0 twtitmm 1 4 ^©raic^sis 2 3 

ft 8 A 23tt, AlWCtt, TaRt)?Zr-e^^$n^o £ 
20 © J: SfcHliaW:. fiB^&ia^T 4 <fc±gPSB^ 3 £ ©Kl©ffiStfc*© 

sk^izm^^nrz.^mmommomn.i&mm^ 4 <omm\z, mn. 

K*H1^»; K 3M ^JttTr * * H fc tt 1 9! * * . 

25 

Experimental Results 
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©**tt©r*i±a*, TSB*3g**-rs 2 ^ost^^ «fc vmmtsntc. 
ttmm i ©§sm : 

IS/Ta (3nm) /AlCu (50nm) /T a ( 3 n m) 
/N i n f e n (3nm) / I r M n (lOnm) / C o 9 0 F e 
5 10 (6nm)/AlO x (2nm)/Co 90 Fei 0 (2. 5nm) 
/Ni 81 Fe 19 ( 7 . 5nm) / T a (5nm) /AlCu (3 

0 0 n m) 

1 ©I*** (#3g0Jl) : 
g&/ T a (3nm) /AlCu (50nm) /Ta (3nm) 
10 /Al j0 3 (lnm) /Ta (3nm) /Ni 81 Fe H (3nm) 
/I rMn (10 nm) /Co 90 Fe 10 ( 6 n m) /A 1 O „ (2 
nm) /Co 90 Fe 10 (2. 5nm) /Ni 81 Fe 19 (7. 5n 
m) / Al z O, (lnm) /Ta (5nm) /AlCu (300n 
m) 

15 J* & 00 1 ©$£&«, Hl©iJfi^6ift*Il 3R»lft*il 
4 at^&StifcflliiKiffl^-rs. H5;*0I l ©tt**tt. iai©48iifc 
ffiliiT**i6**ri,,ff£ 1 nmCDA i 2 o 3 ^/&2tt*:^ffc;^Ji 

1 3 RZfimikQom 1 4*£AyT?V*5.JP£ 5 0 nmOA 1 Culti, 
TUffim2\z&mV, f$ 3 0 0 nmOAlCui(J, _t SB SB ^ 3 

20 (cffis-r^c 

Ell9te, Jt«Ef9 1 &^*Jfi« 1 ©tt»©MR Jt©, 
l:3ttt5«#ttJiLT^§. Jfc«09 1 ©tt*Mi, »3 0 Ot^I 
*.*»«©JR«igK: ck 0 , MRJfca«#fl:-r£©te*f L, *JSW1© 
tttttt. «k 0 JUifi© 3 0 0 *CST©^«LS»c:WA, ^ *i « _L <D ii5 i& 
25 Tfc»«K:^#-r*«^a'&nttiSti. £fttt, S l'nm©A 1 , 
0,T)ljj8$ftft«fl:«lil 3 & tf&fb % Jf 1 4(Cck0, A 1 & 

cu^, ai c u m& *>m& h >^)vm^izmwL-r % z. £&m±2 
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5 Jt&fl! 2 ©1**4 : 

S&/T a (3nm) /AlCu (50nm) /T a (3nm) 
/Ni,iFe,i, (3nm) / I rMn (lOnm) / C o 9 0 F e 
! o ( 4 n m) 

mmm 2 vun (*%w) : 

10 SI/Ta (3nm) /AlCu (50nm) /Ta (3nm) 
/Al 2 O a (lnm) /Ta (3nm) / N i 8 x F e j 9 (3nm) 
/ I r M n (10 nm) /Co 90 Fe 10 (4nm) 
3 ©ist** : 
SS/Ta (3nm) /AlCu (50nm) /Ta (3nm) 
15 /MgO (lnm) /Ta (3nm) /Ni 81 Fe 19 (3nm) 
/I rMn (lOnm) /Co 90 Fe 10 (4nm) 

it&M 2 cit^tt, m 1 h >*;n&&/i 9 ct K> hm®. 1 

teiE^»#©j&>s, 1 3 3&«»*$nfc«ijfiteffiS'r*. * 

2 h >^J^iI 9 J: D t)SI 1 £ ifi V* SB # © ^ ii 

20 k*bms 1,, mitmm 1 3^1x11$ 1 n m© a 1 2 o 3 afi&m ts nx 

#©8liilC*BiiL, &te^li 1 3itTSS 1 n m©M g 0**«ffl 
S*lTl»5. ^TOttlft^^T, J¥S5 0nm©AlCujIte, 

TSBm® 2 tcffi^-r a. 
25 H2 0I1, itmm 2 Rz^mmm 2 (oumiz-o^x , aic'uio 

3 £^ it £fc#| 2 ©Stttfci, iffillft^3 0 OtSfi/L§t 
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A 1 C ufg<Dis— h J&ia it in -T 3 . — ^ , A 1 2 O 3 T 7£ fife 

stifcantttji i 3 £wr zmmw 2 ©isma, 3 5 owmmm 
^froxfey- h Jsia^iiJp-e-T, 1940 o v (D mm m £ ff o T t> 

5 132 1«, ^ia^TtTo^<h#©Jt^^ 2 , 

2 &tfS£jg0il 3©tS^f<DA 1 CuiOy- hSia*^ LTl^. 0 

2 1 (I^^tlTV^ck^ (C, Mfc%im 1 3 £W L&^ifct£#J 2 <Di£ 

3 5 Ot, 4 0 OtOlSMlia 0 hjgtt^iiitJf -So 
— A 1 2 0 3 T^/&£tlfcgUt^/ll 3^#-r-5^Sg^J2(DK5(SF. 
10 Rl^M gOTH^nfclftfeil 3&W-r^HSS^j3 

3 5 o x:<DMMm\z&^T\z§tmz&wtz^o m\z, mmm 2 Rzt 
mmm 3 <Dumt, 4 0 0 t: ®^saa \z =t 3 hsjacoiijn^^ 

'> T $> Z> o 

miz, wntvomi4tf. ±®mm3 ts&femtkm 1 0 homo 
a is 2 n o 

it^^J 3 OfttCJf^ : 

mU/T a (1. 5 n m) /Co 90 Fe 10 (lOnm) /A 1 
O x (2nm)/Co 90 Fe 10 (2. 5nm)/Ni 81 Fe 19 (7. 
20 5nm) / T a (5nm) / A 1 C u (300nm) 

SS/Ta' (1. 5nm) /Co 90 Fe 10 (lOnm) /Al 
O x (2nm)/Co 90 Fe 10 (2. 5nm)/Ni 81 Fe 19 (7. 
5nm) / Al 2 Oj (lnm) /T a (5nm) / A 1 C u (30 
2 5 0 n m) 

Jt«fU3. ^JfiM 4 (73P5# \Z-D^X, m$2. 5nm0Co 9O F 
e 10 ®t, j?£7. 5 nmON i 81 F e 19 itli &&&m&m 
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1 OlCffiSU, HS 3 0 0 n'm©AlCuiB, ± SB SE $il 3 f C *B ii 
T£. ^2&0tJ 4tC^-^n-5l?$ 1 nmCOA 1 2 O 3 S«, mffc^lJl 1 
4l:ffiSt5. Jfcttfll 3 Rtf£J60!l 4 ©tttf Ttt, M n <D & tfc © i£ 

5 @2 2«, JfctfcW 3 4 ©ttttCDMR Jt®. ^MllS 

lC»f5tt#tt*Sl/TH5. Jt«0»J 3 « 3 0 0 t;$S 

**»§^SIft&Sfc«koTMRJt#£{fcr*©K:**l,, £J£09 4 CD 

unit, io^ia®3 7 otjT©iiit:i^.5. 4 0 ot 

10 $ 1 n m© A 1 2 O 3 T^J&3 tl£:Mfc#JJi 1 4 ICJ; D, A 1 Stf C 

m 2 3 it, tt&m 3 <duw<dn i 8 x f e x 9 m © mit a m & ^ u 

T&O, I24B, ^SS^d 4 ©&3ft©N i 8 x F e t 9 JB <Z> & ft A * 
Tt^.02 3 fC*$nTl^«fc -5 (C, Jt«« 3 ©ttiftfcl, 3 8 Ot 

© mmm & n ? t, &*om<t&m'j>is, txTVzsx&moi&mz 

5. dfttt, A 1 C u m £ N i 8 i F e , , 

20 {c, mmrn 4 <Dm,m(Dffiikmmtz, 3 8 otoiffliciot^s 

* ft tt lr» . ini4, A 1 2 O 3 m W , AlCug£Ni 81 Fe 19 

m t © ibj © n s:mm&m±-rz>rc 

It, A l 2 0 3 IRtJfMgOil?f figSnTl^Slfttlll 4 

±&mm 3 1 3 1 0 t ©ua©ftstt«*B&jtir*«i*dt, 

25 T8a©40©tt»Kl«fc-3T«88$nfc. 

itmm 4 ©i*** : 

Sfi/Co 90 Fe 10 (2. 5nm)/Ni 81 Fe 19 (7. 5n 
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m) / T a (6nm) /AlCu ( 3 0 0 n m) 
It&M 5 ©tt** : 

iK/Co 90 Fe 10 (2. 5nm)/Ni 81 Fe 19 (7. 5n 
m) / T a (50nm) /AlCu (300nm) 
5 ^JS^J 5 ©&** (*9giK) : 

IS/Co„Fe 10 (2. 5nm) /Ni 81 Fe 19 (7. 5n 
m) / A 1 2 0. 3 (lnm) /Ta ( 6 n m ) /AlCu (300n 
m) 

mmm 6 ottn- (*3§bj) : 

10 II/Co 90 Fe 10 (2. 5nm) /Ni 81 Fe 19 (7. 5n 
m)/MgO(lnm)/Ta ( 6 n m) / A 1 C u (300nm) 
tt&to 4 ©K»tt, 0 1 ©#ti£© h >*;U*feii:Ji 9 J: 0 >bS« 1 

tb 0U 5 ©&**&, Jt&fll 4 <Dtt*f fc£V>T_k3&n >^nil 5 ' 
15 C«St«Ta*50nmt»<l/T*D, ±^@fi!^ 3. 1? & 5 A 1 
C u ©tSffcfcKFJh 1/& «k 5 &«j£Tfc 3„ USS^J 5 <DUPt «, 
Bl 1 ©tf*i£© h>^JHft»JB9cfcD'b*«1^6Knfc«^©«|jfi 
KlffiS ftftttfl 1 4 lTf$ 1 nm©A 1 2 O ,j&*ftfl| $ tlT 

nnw 6 ©tt« «, s i ©#tii© h >*)vmmm 9 £ 0 
20 « 1 & zmnttmftomm \z#m u, nk»ii4tLti$in 

mOMgO^lffl^nXUS, J£tfc0ij4, Jt$£0il5, 5 , X 

tfSfcffifll 60^Tl:^^T, C o 9 0 F e x 0 Jf £ N i 81 F e 19 lt 

02 5 ft, Jfc*fc09 4. ltlfe^5, H*S#J5, R^^JS0iJ 6 © 

3 . it 0»J 4 © St#|- , ia2 5{C^$tlTViSJ:^{3, $D3 8 Ot 
©*&*tt3K:<fcoT«6:ftl«Ub*««TL. ««A*«itDp-r*. 4 
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<do£ ±\$n.*>ntzfr faftimikomfem&wwL mourn. 

5 SAlCuii, SfiKIttll OKfflat*Co, 0 Fe 10 IS 
N i 8 ! F e i 9 Jg £© WOffiSifctttfKSFT* o fc. Jfctttt 5 T 
liA litC.o M Fe 10 |R^N i 81 Fe 19 it0WOffi5t 

Talt, A l|iCo J0 Fe H iStfN i 81 F e 19 itCP B l© 

io uncttu. sum 5 &r;^i« 6 

Jg , AlO.lfilUSnT^SlftftlHiJJ, gfililf 
■ l0*3nm»T*T»<-rsct*?ri6K:-r*Jli:*«TiBOtt 
15 tttc J: ^ TfigigS n/t. 

SS/Ta (10nm)/AlO x /Ni 81 Fe 19 /AlO x / 
T a ( 1 0 n m) 

i*fcifiv»*©A i o.itt, h >*)immm 9 \zmj& u ni 81 

20 Fe n ltt, gfi^Ittll 0I:^^LTV^. Ill, 

nfc^OA 1 O x IB, iftftll 4l:t«L, *S^5«ttifcS 
•5 © T aUtt ±8J3>^^ Ml 5KM^LTH5. b > * 2$ 
li9(Ijtf(St5A10xItt, 1. 5 n mOJIS 0 A 1 m&Wtm 

y^xvtioTift^tis cticioiffig^n, &ik®m 1 4 

25 !:»JSt5A10xItt, 0. 6 5 n m©J?S © A 1 JK^tt^^ 5 
XvlcioTtft^ns £ tCtoTifUStlTt^. N i 81 F e 
a 9 M © JP £ « , 3. Onm, 2. 6nm, 2. 2nm, 1. 4nm, 
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7s 5> U T»l«3nT^5. « t flfc-fc ©SI £ , 

0 2 6 (DUmt ra-©*#Tff fcnfc. IPS, &&3!®m&tt, 2 
50~ 4 0 0 t, P# RU « , 3 0mlnT»S. IftM.B, MW)j& 

EI 3 6 fC^£ ttTUS <fc ^ fc, *Jg0( 7 ©tttttt, Nij.Fe, 
8 I©f 4 nm£Tj$< SnTfc, 4 0 0 t:STCDilI 

(C*fUT4 7cM 8 Xt A^f LT^5. 4)tM s Xtil, 2 . 2 (T • 
nm) 1 . 2 (T-nm) i;T&T£-fr5 

10 M7OK»0Ni, 1 Fe I ,«O««A «, 0. 5~ 

1. 5 (Oe) OiiT^tT^ofc. cntt, &tt#J/i 1 4 ©if 

< Z. fifing* £ 1 S1*LT^S. 
m\Z, S Atteil 1 0 1 0 a 

15 n&i£tl 1 0 btTl5lt5:tl;J:5iMs x t OlliCil 

HJS^J 8 <D&m (#5gB) : 

*1S/T a (10nm)/AlO x /Ni 81 Fe 19 (l. 6nm) 
/#li^ii/A 1 O x /Ta (lOnm) 
20 *«KifiV»#© A 1 O x JKtt. H>*;H6iI9fc»i6:iTH5. 
N i 8 x F e j 9 mU, g &3&attJl 1 0 ©&attS l 0 a iCjtf^U, 

sstsc^ i o b icafjfci/ -en zmtitzjjv 

A10 x ia, &{b#>)f 1 4 fcttffi L, 8«*»6in&S5<!)Ta 
25 M^t^A 1 OxlK, 1. 5nra©J|S©A lf^HI :/ 5 X T 
SAlOxlti, 0. 6 5nmO)|$(?)A li^ify7X7l:i 
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« , JP 2 0 . 6 n m © T a Bl , JP £ 0 . 3 n m 0 T a M , m £ 0 . 
3nmfflRuKl/f^0. 3 nraCCuIMfflSnfc, 
H37K*StlT^SJ:5K, 5felfc0!80tt**©#|jftW:, N i , , 
5 F e 19 I©4 ?tM s x t 1 (T • nm) KT^Ttit 5 ^ t 
&*!m\Z?%>. Vfrh, MffiM 8 (DUnoN i 8 x F e x 9 ]&<D 4 7t 
MsXttt, 4 0 0 tOifflII:*flt**T?*5. ^M0!I8(DK 
!|Sf©Ni 81 Fe 19 M(D^^^«, 1. 5 (Oe) KTTfeD, 55 

# *g v> « m ts ffi # e, n T V i & o 
10 'ic, #«m&JSJi#g s&a&Ji i o ^jfA^nrfc, 

mmw 9 (Dum (*»9i> : 

IS/Ta (10nm)/AlO x /Ni,,Fe,,(l. 6nm) 
15 /*It^lI/N i 81 F e i9 (0. 8nm)/A10 x /Ta(l 
0 n m) 

sstfin^oAio jtt, h >*)ii&mm 9 l, 

&S/f£&t?2^>©N i 81 F e l9 mt, £ EbSaffi&teJl 1 0 <7>&tt 
1 0 a, 1 0 ct»*l/TV>4. #&1±&JRJif£, ffilftJI 1 0 

20 bfi^j^LTvi«>. ic, £tKd> e> mnrcjjo a i o H&fc 

Ml 5C»«tt^5,h >*;H»*JI 9 fcttJST* A 1 O x*H*, 
1. 5 nmtf)JP$cDA 1 1^1^^ 7 l:«k ^ Tift $ tl5 I t 
fci^tf^Sn, IS£^il4l^fE:t§A10xIil, 0. 6 
25 5 nm£>JP£<DA 1 Attftt * ^ 9 XT K J: o Tift £ n § UCfc 
oT»j8StlTl>5. *«tt4IltlTtt, 0. 3nm(DTaI 
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03 7n^$tiTVi5ct5[i, mmw9 <z>UH<D&&&m&M i 

0 04 7cM s X t & , 1 (T-nm)^T*tiS^$n, -e©47t 
M s Xt«, 40 OtfDi^IIC^LT^tt^ofc. £ft«:, # 

Mfc s &&m&m i o ©-gu^m^Ts c t ia ^ tim s x 
t <z>®m&nm *sm-?&%> tie «i:oT*B£ftfc. 

It&M 6 <DUn : 

10 T a (1 0nm)/AlO x /N i 81 Fe 19 (2. 2nm) 

/MO x /Ta (lOnm) 

mmm 1 o ©tt#* : 

XM/T a (10nm)/AlO x /Ni 81 Fe 19 /NiFeO 
x / A 1 O x /T a (lOnm) 

15 sfiiciai^cAiojtt, h >*)vmmm 9 u , ni 8 , 

Fe 19 I(l, g SStfiBte/l 1 0 ICM^ITV^. Hie, £88 
tircJjO A 1 O x JRtt, lltiiHIcMJSl, £«fr&MtlfcB 
5©Tai(t ±»3>^i? Ml 5fc#JS:bTlJ«. h>*;H6 
8:i9l;Mt5A10xIli, 1. 5 n m<DW- £ CD A 1 mtf&m 
20 ^^XTlIioTlgft^ns^tlli^Tl^^TUS. N i B i F 
e 19 JBS, NiFeOj, TkTSffcfcfylM 1 4 lC#tJfo"t" 5 A 1 O x J^E 

C^^t^A 1 O x I©±lC, /? £ 2 . 2nmONi 81 Fe 19 l^ 
J£ jjfe £ *l o f©N i 81 Fe 19 iO±(C, ® £ 0 . 6 5nmWA 

25 i ttkifif^mtstnt. a i m<Dmm<7>'&, a n©ti^f^7X 
7i:ii?n£. ei^y^XTwiistCctD, a i mt, n i ,,f 
e 1 9 m<D— mufimitz n, NiFeoj, s^inttn 4t» 
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jfc-r £ a i o K m&i&f&z ntc* 

1 0 © 4 7t M s X t «, itt£0>J 6 g fi^attS 1 0 <D 4 tc 

. x t £<£^T£ z: £ trJ; 0 , * 2 u>Or-? X 

10 Ot^X^ 0.5Xl.0Min'T^5lRIOh'7 h ^ <Z> IS *4 *P X $ 

Hflliifcl, TfE©<h:fe D ~? & Z> . 
ik&M 7 <Dt&W : 

15 S«/T a ( 3 0 n m) /Ni 8iFe 19 ( 2 n m ) / I r 20 M 
n 80 /Co 90 Fe 10 /A10 x /Ni 81 Fe 19 (3nm) / T a 
(1 0 n m) 
^ftM 1 1 <DUm <#»E) : 

ll/Ta (30nm)/Ni 81 Fe 19 (2nm) / I r 2 0 M 
20 n 80 /Co 90 Fe 10 /A10 x /Ni 81 Fe 19 (l. 6 n m) / 
A 1 O X /T a (lOnm) 

s«ncifiv>#© a i o x Ktt, h >*)ummm 9 kmj&l, 
;uje&a 9 \zttfe? z a 1 o xmo±\zMi&znt£N i 81 f e , 9 
mn, &&mm&mi 0 \zmj^vx^^>, miz, as*E#&*n&2f 

25 ©AlO Jti, itlill 4 1:^^1, I«*6infc^"5CT 
alii, ±g&3 M 1 5 \Zttfo UT^5, h>^iH6I19 

KMJfcf § A 1 O x mi*, 1. 5nm0*S©A lK*t»*^5X 
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t^AlOxItt, 0. 6 5nm©i$OAll^i^7X?l: 
iotSft$n§:i(:J;-9TI^$tiTl^, # & 14 & Jg 1 £: L 
Ttt, 0. 3nmOTaK*««fflSnT^5. ltK«7OttfK0S 
5 &&M&m 1 0 QJKJVtt. *iS§S<b©Hl^T<&£ 3 . 

Onm-Cft*. Jt««7«)ttW©47CM.xttt. 2. 2 ( T • n 
m)T&9,H2iS#Jll©i£$f©47tM s Xtki, 1. 5 ( T • n 
m) 7: & -d tz., 

B38B, vcvtm 7 ©k» tum^i i i ©urn© i s&attji© 

0*1 1 1 <DUn<D g A9lltttt/iO£«5ttlf ». 10 (O e ) T? * 0 , 
tfc&03 7 ©I5^©S^I# 1 8 (Oe) CI CO i: -5 

k, 4 »cm. x t jft*tt«anTv>* i i ©KfBua. ^coste 

ittt«-6Rfi»»0/t?y*ft»«t6^i*«, T f E CD « /f « 
J£$S0iJ 8 <D&m : 

20 / T a (30nm) / N i F e ( 2 n m) / I r 20 Mn 80 

(lOnm) / C o 9 o F e ! o ( 1 • 5nm) /AlO/NiFe 
(3nm) /T a (30nm) 
ifcfefcl 9 CDttft : 
,IS/Ta (30nm) /N i F e (2nm) / I r 20 Mn 80 
25 (10nm)/Co 90 Fe 10 (l. 5nm) / A 1 0,/N i Fe 
( 4 n m) / T a (30nm) 
^JS0|J 1 2 Ofttft (#3g9!) : 
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g&/Ta (30nm) /NiFe (2nm) / I r 20 Mn 80 
(10nm)/Co 90 Fe 10 (1. 5nm)/A10 x /NiFe 
(2nm) /MO x /Ta (30nm) 

5 ;V#6i^« 9 fc**jS-r * A 1 OxK©Jbfcjgjfc£ftfcN i 81 F e ! 9 

mit, &&mm&m 1 o f:»*ni^ t it&tfy 8 , jttfefti 9 , r 

tfHISfll 1 2 pism^N i F e Ktt, nftife, N i me£Jt^ 8 2 % 
<fcD*>/h£<, ftoT, N i F e M©fiBM£f&te, Ufnt), ET 

10 ^tt)l^oTVi§„ Jt*fcfcl8, Jt«0iJ9, RtfSltti« 1 2 

oi^Siiii 1 0 ommfefk a a, ^n^*n, 2 x 1 0 - 5 , & 

9X1 0 - 7 , *ti5xio- 6 lr&^. 
a 13, ffii Jn 31 ^ , TfE<Z)I*§ldcfcoT^5g£n>t. AlCugei 

15 a r> izmmmmmt lt s i o 2 mtfij&mztiit. ic, cmp 

(chemical mechanical polishing) fc<k o T S i Oji^ft 

20 190 . 2 n m/ s ©&#Ttfclg£ tl/io h >^JWtiJ 7ttA 1 I* 

2 7 5 tT5kOe O fig if * ij&I L «, 7 * h U V - 
<h-r^>5U>^fCct^T 0 . 7 X l . 4 M m ©fiRIICjni$ntI 
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J5£JK3ft£ S,.i 0 8 I©iIji:SiifOj|±©fiii: \Z7Hfim&'& 

ft, s i o 2 j&£>_l*> e>±®fc a i c u#&a*j£ig&£ft*. f oi, 

A 1 C u -& & £ 7 * h'J V^77^-tX7f >^|;J;oTJllIt 
10 Tl£y ffc <±«El» 3 KttJfc) **«£$ftfc. tfy 

20 iBJfcSftjfc. 03 9A-H3 9Cit ft ft* 

bTlri*. 03 9 A± 0 to*** J; -3 8 ©*ftJStt*^©g 

&3£{&'l£Jf te, *©47cM,xt**2. 2 ( T • n m) i /h £ V> . HP 

JI©Sfeaim, 2 1 (Oe) JI ft 

***S^. dftteg &afcttttJ|©jRjt#s 3 nm<fc*JHt©l8IM;:ifi 
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V>&, TaitN i FeKiOf B l0ffi5ttt*s^t<, %B.f&~rniZ 
feMiU3 (Oe) <fc«fc*2Fl>**««Jftffiifi*©A»tt#a< 

5Kai4M<D 4 7CM B X t a* 3 . 2 (T-nm) < . JL^>, if 

15 SAttftttJI<2>K£tt4B;&f 1 6 (Oe) £/Jn$<, &&&iftttffil© 
I®4 7tM s x t d?, m 2 (T-nm) t *fc/J\ S U H 5E« 

jtttai 9 -fczfrnrnm 1 2 ©«»jatft*^ n&. amigtn:^ 

25 fOliCSSttO. 5X140. 7wmT?ab«9, 77^^ h'jttt, 

1. o~3. 5 -e& o mmM&ifijzi* ^mmm 1 2 
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3«0. 6J^±T?&£* £T©*JK0(1 2©i£!&©-5-£, TX^i' 
<k D * # v> , gp % , JtK2/K3dU. 0£*_hT?fc<2>££{;:gj|i 

15 ftfc «fc*«?tt©3fe£fl:a«&S?""C*S H t St*l/T^5. — 15, % 

tettm^-it, 1. oi>63. 5 <D7*i{7 h t£$&m<D£i&\zm^ x, 

20 nf*»*»{:**&*S$t)S#Sut*JTj**^iSSl/T^«. 
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What is claimed, is: 

m i a m # t m ss m n. & m m * t <o m \z m. n e> n it & m ® ± m m 

0 
5 
0 

iiflf2^#&, Al, Cu, Ta, Ru, Zr, Ti, Mo, RtX 
W fc S f¥ tf> ft fc>j>fc< <hfc-<Z>7t3t£^tr 

5 

5. at#^ 1 KBfcCDfcatittW^/W X tC *3 V>T, 
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6. it 5 iz&mvmfs.&m'Trt'C x ksht, 

15 SSmiSmxAMX. 

9. 5 fcfBfcOfl^JSR^AW Xfc:feV*T. 

20 SS^Jattr/HX. 

10. 5 fc|3ic©a^j£^^AW XtCfc^T, 

25 tifc 
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I. I, • • 

11. tft&m 5 \zmfgi<Dmm,j&m : 7 ! a< x \z& ^t, 

5 smjairc-r a< 

12. m&ms iz mm. (Dm^t&mT/ti x\z#^t, 
mm&mV)±ffimwu, aio„ Mgo x , s io x , tio x , 

C a O x , LiO x) HfO x , A 1 N, A1NO, SiN, SiN 
10 O, TIN, TiNO, B N , TaN, HfNO, Z r N 6 ft S 

13. m$tm 5 iwfBafiwffis^j&jK^Ai- * tc^^r, 

15 iWf2iftf![|£lkliig#«:, MfbtUfT&D, lo, MIBh>^;i/^ 

14. 2{:fBi©llijg:fiiTA''fXl:*^T 1 

15. If J&m 1 iClS^OfflS^ffi^^A-f X iC^fc V>T, 

sn&m i mfct, 
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znzm 2 m& 

5 it Ji <fc , 

it /f 

B&m i£ iix 5 s AW X. 

10 

16. Mf&£ 1 5 tCfS^O^mffitrt^AW X (3*3 V> T , 

Mtsm i &ftsti£itjf tsssasg 2 mmm±m t it, m<tm, mtm, 

& m. g 4 b 4fc ^ S & 5 i¥ © 5 ^ * & 51 & £ ft - cd »t? ^ gg $ n 
15 lafiRr/t'fx. 

17. it j&m i {cieacoa^ffifit^AW t. ht, 

Mn ^-^tiMiHulB^^, Xtt, N i £-£tf/i£iifffE##£©P B t J 
fc, Mfflitttl»lt*jif**tfT3 
20 I^fi^r/HX. 

18. 1 fcEttoaaiftffi-r/W X (3*3 ^ T, 
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5 

i9. m&m i 8 izmmom.n.m.^n^ xk&^t, 
Mie te- 
nuis h >^;nfii»»fciff»fc*^'r<5 3ft«ttJi t. 

MEilttttlj:lll6K!littM2:®niCj9XSn«'««I1ll 
10 t&<£%-, 

15 

2 0. W^Jg 1 9 ICB« A-f * iC*>^T, 

it, Co*ifig»it**I3l«tt^4*6»l«SnT^5 

20 

2 1. 1 CffimofiSStJSffixAW X K::fc V»T, 

68 



2oo3*ioj]29B mm m$mm 



NO. 7279 P. 72/121 



22. mxm 2 i \z&mom%&$i ; ?rt'i x k^ht, 
«, c o ££5£#<h-r&&Ji3$8m-&£^ ^fi^nm s 

23. i \zum<Dm.n.&$i7 £ n'( x \z&^x, 

io H&fEi»#:te, mm h >*)v$&mmzft-2?izmm& m&m&m \z 

15 

2 4. gft*^ 2 3 KfBmOi&^Jttrt^rA-f X K £ V> T , 

mtizm 2&m&j±mte, mm^^^m^m\zw.mizm^^n, 

20 

2 5. If 5*31 2 4 KiBmOl&migJrErr/W X £ & ^ T , 

Huies A^m^m^mfamit^mmt <vm\t, 3 (T-nm) k 

a^a^^/W X. 

25 

26. m^m 2 3 fcaam^am^ifi^AW x iz&^x, 

69 



2oo3$io/]29B mm Mf 



NO. 7279 P. 73/121 



2 7. i*^2 3i:Et©l^I^f;Hxi:fe^T, 

io ^^fiSxr/HX. 

2 8. 2 7 (CSEfcO^^ijgtri^AW X tCfc^T, 

ffi&^jfitfl^/W Xo 

15 

2 9. 2 7 ^|B*oa^;^Jn:^AW X tCfe^T, 

20 

3 0. 2 7 KteStCDfiB^jgtrE^AW X £43 V>T. 
MIB#«te*f#tt:, R u , P t , Hf, Pd, A 1 . W, Ti, 

Cr, Si, Z r , Cu, Zn, Nb, V, Cr, Mg, T a , M 

25 IMftf/HX. 

3 1. 2 7 fcBBfcora^&Kxn-f Xfcfcl^T, 

70 



2003H om mm ismm 



NO. 7279 P. 74/121 



3 2. gf3&3i 2 3 tfB^oa^ffiftlxAW X KcfcViT, 
3 3. ffjfcgi 3 2 KiB^OBm&trt^A'-f X K:fcV>T, 

15 SSMiSSl^AWXc 

3 4. ff#3I 3 2 \Z^.mom%&$i ; r A-f 7. tC ^ ^ T , 

tuieg tfi&i&ttji tMiB t- >*;i^^ji t tomtit %&&w it, 

i 

T s 

25 3 5. m&m 3 2 fCSBitCDaMJSirC^/NM X IZ& l^T, " 
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5 

3 6. »*JS3 2 i:fBt©HMi^fAMXi;*^T, 

io iiufBg s^attSicii, itufef§ i ij^\t.mm.wm2 jrfa\z$\z>m 

3 7. m&m 3 2 JCiEifccDB^&iaT'/W X fc* V>T, 
15 IC, 

20 StflHg *3tatt«©aM^^«IET^ 0 , 

25 3 8. §t5£^ 3 2 KfSfc^ajUJgirL^/W X V> T , 

II:, 
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SKIES! 

39. m&m2 2 \zftm<Dmm,&$i7 i rt'C xiz&^t , 
4 0. m&m 3 9 (cie^^aMigia^AW t. iz& v>t, 

O^JL, 2. O^TT*?. 
20 4 1. i*«2 3l;^ioa^}S^f/HXi;*3^T, 
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5 4 2. 4 0 ^IBm^^^Sirt-xAW 7. V^T, 

10 43. m^mnzmmomm.i&ifiy"^^ Tsiz^^x, 

20 iffffBfg i m&m&m tmm& 2m&m&m t<Dm\zftwtzn, m 
ism i m&m&m tm 2 m^^'H^i^^giaft^^^^-r^*^ 

2 5 

4 4. ft#^ 4 3 K!Sfc©aj!iMK^A-f XlC&t^T, 

hubb^ 1 &m&m t , huib^ 1 m&m&miz^&tiz Mfz&m& 
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io frffi«»/w jxifs, 
i mtmm 

20 IISJirAWX. 

4 6. B£3a«ttJi&»j£-r*ie-£. 
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i 

4 8. if 4 6 fcia^^a^sii^AW xmrn^mizte ^x, 

4 9. 4 6 \zmm<DMmm.in7 £ ^'( XWLmj5&\Z&^T, 

20 X§S[it75i£, 

5 0. 4 9 tCie^CDamSfil^AM X|Stit^teC*5^T, 

tfjfB^^ffi, N i £#ir 
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Abstract £ tbe Disci sure 
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